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The  Ptudy  of  the  photoproduction  of  Be  from  lipjht  nuclei 
ip  intereptir.'g  from  the  point  of  view  of  obtpinin^f  inforroetion 
on  the  rnechenipm  of  interection  of  high-energy  geime  quanta 
with  atMiiic  nuclei.  Be  iP  a convenient  reaiduel  nucleua  for 
the  Ptudy  of  nuclear  reactiona  through  activation  roethodp.  A 
greet  number  of  worJcp  now  exiat  in  which  there  ia  atudied  the 

7 

production  of  the  repidual  nucleup  Be'  under  expoaure  to  hngh- 
-energy  protona. 

7 

The  photoyield  of  Be  wap  atudied  in  workp  /1-8/  for 

E _ =60  Mev . An  exception  ip  the  meapurementp  of  the  yield 

ymax_ 

of  Be'  from  carbon  /l,2/  that  were  carried  out  for  a maximal 
brempptrahlung  of  up  to  1,0)0  Mev. 

7 

In  the  vreeent  work  there  are  roeapuredthe  yielda  of  Be 

fr  om  natural  ipotopic  mixture?  of  the  nuclei  of  carbon,  boron, 

beri Ilium,  end  lithium  in  the  range  of  energy  B,  ^ from  80 

vmax 

to  1,180  Mev. 

Procedure 

The  decay  of  Be*^  wap  identified  from  the  half-life  T and 

7 

energy!  of  photonp  formed  in  the  decay  of  Be  ee  diagrammed 
in  Figure  1 /9/. 

A oheracteri atic  feature  of  the  reactionp  atudied  ip  p 
relatively  low  indaced  activity  per  unit  of  radiation  pepping 
through  the  target.  Thia  ip  connected  with  the  pmall  magni- 
tude cf  th'’  croPB  aection,  the  long  hflf-life  of  th.e  rtucleup 
Be*^,  and  the  amell  probability  of  the  trarpition  into  a atrte 
with  energy  of  479Mev  of  li  . To  Phorten  the  time  of  ndieti'^n 
the  targetp  were  gathered  in  pilep,  which  were  irradiated  by 
electron  beerop  of  linear  acoeleratore  at  360Mev.  and  2 Bev.  at 
tiie  Kharkov  Phyaico-Technical  Inatitute  of  the  Academy  of  Gci- 
encea  of  the  Ukrainian  SUE  /lO/.  The  charecteriatica  of  tlie 
targetp  are  given  in  the  table. 
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Element 

Phypical  State 

Mechanical 

Form 

Thicknepp  of 
Target,  g./cn. 

Li 

Metel 

Prepped  in 

C'-'ntainer 

0.534 

Be 

Metal 

rif  te 

0.545 

B 

Powder 

Prepped  in 

container 

0.685 

C 

Graphite 

Plate 

0.43 

To  evoid  oxi dfti on  the  metsl  lithium  wpr  prfpped  into  alumi- 
num hermetic  contpiner?  with  p difmeter  of  30  mm,  end  e thick- 
nesp  of  wpIIp  of  ~0,1  mm.  Meppurement?  Phowed  thet  the  activity 
induced  in  the  container  could  be  ignored.  The  boron  tprgetp 
were  prepared  by  propping  the  powder-like  boron  into  the  peme 
conteinerp.  All  the  tprgetp  had  p neturel  ipotopic  ropke-up. 


7 

The  yield  of  Be  wpp  meppured  with  repnect  to  the  reaction 
Al^'^  •*  . Unfortunately,  the  yield?  of  thip  reaction  which 

are  meepured  in  vr^ioup  workp  /tI-I^/  differ  pubptentipll y . Ap 
a repult  of  aupi'l  emcntary  roerpurementp  we  carried  out  of  the 
yield  of  the  reaction  /l^/  for  = 1*30  Mev.,  pre  - 

ference  wae  given  to  the  repultp  of  Meyer  et  el.  /1 3/  Mpp- 


The  nrocedure  of  irredirting  thn  tergetp  wpp  aa  followa. 

An  electron  beam  wpp  directed  et  a tantalum  radiator  with  a 
thioknerp  of  0,1  radiation  unite.  Uirectly  behind  the  rediptor 
there  wpp  placed  a pile  of  target? . In  puch  an  ariarigeroent  of 
the  exneriment,  unlike  work  with  a bepm  of  brempptrahlung,  the 
time  of  exnorure  in  tlie  irradiation  of  the  trrgeta  ip  prpctical- 
ly  not  affected  by  the  energy  of  ti«e  electron?.  A phor t-coming 
of  the  method  ip  the  neceppity  of  corrective  peparption  of  tiie 
c ontributi  onp  of  electro-  and  ph'^toactivf  ti  on  . 
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Figure  2.  The  deperdence  of  the  yield  of  the  refction 
on  the  tnpxirael  brempptrehlung  enerfcy. 

When  electr  np  pppp  through  roetter  there  erirep  brempptreh 
lung,  whore  intenpity  if  proportionel  to  the  length  of  the 
brpking  diPtpnce  pppped  throuph  by  the  electronp.  it  iP  not 
diffioult  to  pee  thet  the  yield  of  the  nucleer  reeotion  for 
one  electron  end  nucleuF-tPTget  hPP  the  form 

K (£„  h = a (£„)  [E,)  / = (/  -)-  ( i ) 

Here  CTg  ip  the  cropp-peoti  on  of  el  ectroectiveti  on , Cj^  ip  the 
cropp-pecti on  of  photoectivetion  for  one  equivelent  Photon,  t 
ip  the  breking  diptenoe  in  redietion  unite,  m Is  the 

equivelent  redlption  thicknerp,  which  iP  tpken  ee  equel  to  0.025 
in  pccordpnce  with  the  findingp  of  work  /lO/. 

RelPtionphip  (l)  ip  velid  for  vpl’:ep  of  t that  pre  praelT 
by  corr.prripon  with  the  rediption  unit. 

The  time  of  expopure  for  e ptrefm  of  electronp  onto  the 
converter  of  *^1  mi'’ropmpeTe  wpp  2 hourp  for  Li,  B,  end  C end 
20  mirutep  for  Be.  The  berillium  target?  were  irredif-ted 
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peperptely  from  the  otherp  to  avoid  the  potivption  of  the  ter- 

7 

get?  by  photoneutrorip.  The  decey  of  the  reaidupl  nooleup  Be 
WPP  regietered  by  a pcir tilleti on  apectrometer  with  pn  NaJ(Tl) 
cryptal  with  dimenpione  of  60/60  cm.  /S/  connected  with  an 
AI-128-1  amplitude  analyzer.  The  NeJ  crystal  with  a photomul- 
tiplier wf'P  located  in  a protective  lead  caping  with  walla  5 cm. 
thick, 

Meppurementp  were  perforned  tw''  months  after  irradiation. 
With  the  aid  of  a Gre(  Li  )-detector  there  were  made  control  tepts 
suggesting  that  the  contribution  of  annihilati on  y-quanta  was 
practically  absent. 

Calculation  of  the  reaction  cropp-pecti onp  was  performed 
y the  method  of  minimal  ptructure  /16/.  The  comnutstions  were 
done  on  an  M-220  electronic  computer. 

Results  end  Discussion 

_ _ ...  ..  - ._7..  - ■ ■ ■ ■ r, 

C -♦  Be  . The  reaction  of  photoproduction  of  Be'  trom 
carbon  was  proposed  by  Napoli  /2/  as  a monitor  reaction  for  high 
energy  piiotons.  The  absolute  crosp-secti on  obtained  in  this 
study  equals  (0,12  + 0,02)  millibarn  end  is  constant  in  the 
400-900  Mev,  photon  energy  range. 

Prom  Figure  3 it  is  apparent  that  the  crops-pecti ons  ob- 
tained by  UP  within  the  limits  of  error  agree  with  the  results 
of  mepsurements  by  other  authors  /2-5f 7»8,17/.  The  absolute 
crops-pection  * (0.13  + 0,03)  millibarn  for  ^-thresh  “ 26,3 
Mev.  (the  hept  of  the  repction  C^^(y,an)Be'^) . The  yield  curve 
corresponding  to  this  crosp-secti on  and  depicted  in  Figure  3 by 
the  broken  line  agrees  within  the  limits  of  error  with  the  ex- 
perimental points,  except  for  energies  Ey>  1,000  Mev,  where  there 
ip  observed  a tendency  of  the  crops-secti on  to  increase . 
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B ■»  Be  . The  yield  of  Be'  from  borium  for  one  nucleus  of 
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the  terget  ip  phowr  in  Figure  3.  The  fbpolute  cropp-eecti or 
Cm  = (0.06  + 0.02)  mill  i hern  for  E . . ~ Kev. 

. *1 1*  } I 1 1 nn 1 — r I ' I itna — i 
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Figure  3.  Energy  aeperaenoy  oi  CT0PP-P»cti one  pnd  yieiap  of 
reeoti''np:  0 - expeTimentel  releti onehit*  of  yield  to  E 

unbroken  curve  - - excitation  function,  ceTculeted  by  the 

method  of  leppt  pquerep  from  experimen'el  detr;  broken  curve  - 
CTq  - yield  correpnonding  to  the  excitetion  function. 

Be*^  ■»  Be*^.  The  hept  of  reection  Q = -20.6  Mev . 

The  or opp-pecti on  of  photogenerpti on  of  two  neutronp  on 
beri Ilium  in  the  region  of  "gipnt  reponence”  wpp  not  mepputed 
becpupe  it  ip  difficult  to  recreete  the  excitetion  function  for 
thip  reection.  In  Figure  3 the  broken  curve  pbowp  the  mt chine 
ppnroxiropti  on  of  tte  yield  ' 'Q(®yni8x^'  polid  curve  ip  tV  e 

cplculeted  vplue  of  r''j^(Ey). 

From  the  diegrem  it  ip  ppnerent  thet  the  form  of  the  cropp- 
-pection  curve  ip  dope  to  the  curve  for  the  reletion  of  the 
full  cr opp-pection  of  deuteron  ohotodtpintegr*  ti on  to  the  eiiergy 
of  the  photonp,  which  fpct,  in  our  opinion,  erguep  for  » quppi- 
-deuteron  mechrniem  for  the  reection  Be~(v2n)Be. 


T>,e  fpct  thrt  the  cropp-recti one  of  photoproduction  of  Be' 
fron  crrbon  end  boron  pre  independent  of  the  energy  of  the  ph'>- 
tonp,  puggeptp  thrt  in  there  reectionp  for  E^>  150  Mev.  en 
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enreTitipl  role  ie  plpyed  by  tbe  proceepep  of  photopr  odocti  or  of 
TT-meponp  witbir  tbe  ruoleup. 

7 7 

Li  ->  Be  . The  relptior  of  the  rerction  yield  to  the 
mexinirl  energy  of  the  brpking  ppectrum  ip  phowr.  in  Figure  4.  It 

7 

IP  ppnerent  thet  there  ip  tekirg  pl«‘ce  the  yield  of  Be  belov  the 
threphold  of  photoproduoti on  of  /f— meponp,  »»hich  ip  due  to  the 
photoproduoti of  Be'  in  imnuritiep  end  the  repction  Li  (pn)Be' 
on  pec^ndery  protonp.  We  conpidered  the  energy  deT'erderoe 

of  the  yieldp  of  the  rerctionp  thpt  ere  repponeible  for  the 
production  of  Be'  in  the  pre-threphold  region  to  be  the  ppine  pp 
for  the  reection  C ^ Be  . The  normelized  for  pre-threphold 
activity  yield  nf  thip  reaction  ip  phown  in  the  figure  by  e broke; 
line.  The  yield  after  eliminftion  of  the  brokgr  und  and  the  ex- 
citation function  of  the  reaction  aie  phown  in  Figure  3*  The 
excitftion  function  wpP  approximated  by  p fifth  order  polynomial. 


The  ion  Li^(Kl")Be^  ia  very  convenient  for  theoreticpl 

7 

iiterp  pirce  in  the  Be  nucleup  there  are  only  two  bound 

level? . no  one,  however,  hap  yet  calculated  the  cropp-pecti on 
of  thip  reaction.  It  car  be  eptimated  with  reppect  to  the  croep- 
-paction  of  a known  ref  ction,  for  examnle,  < T1  ~ )C^^,  ap  wap 

done  by  Meyer  end  other?,  from  the  relationphip 

o |l,i' (Y.'t~)  Ik'l  _ ;V„  (Li‘)  iVK(Bo^  , 

alB‘*(Y-t  )C‘‘l  ■ N„  (B")  N^(0')  ' ^ ’ 


where  and 

n 

Ap  WPP  phown 


ere  the  numberp  of  initial  and  final 
in  work  /18/,  N^(B^^)=4;  N^(C^^)=15. 


ptf  tep . 


7 

In  the  initial  ptate  of  the  Li  nucleur  there  take  part  in 
photoproducti  on  two  neutrorp  with  the  configuration  ll’f  . The  Be"^ 
nucleup  haa  two  level?,  including  the  baeic  Ptrte  of  nucleonp 
ptable  for  emippion  with  the  corif  igurrti  on  lp|,  which  give?  four 
final  pt£  tee  for  Be'^.  Subeti  tuting  theae  valuae  in  (2),  we  ob- 
tain 
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(3) 


iHe^l 

oJb“  C“] 

There  wee  experimentell y obteined  the  velue  0.3  + 0.1, 

dq»foir*  


1 1 1 1 M 1 — 1 — r-T 

TM  II 

06 

- 

- 

u^(nr)Be^ 

& ' 

~ 

H - 

J 

- 

0,2 

/ 

- 

0 

1 1 n«rnr  1 . 1 , 

LUaJ 

SO  60  WO  ZOO  600SOOWOO 
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FipTure  4.  The  reletionehip  of  the  yield  of  Be  from  LI  to 

Ev  : the  broken  line  ie  the  bpck^round  ectivity. 
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PllOTOPRODUCTION  OF  Be^ 

FROM  CARBON,  BORON,  BFRILLIUM  AND  UTHIL'M 

F.  I.  \oga,  Yu.  A'.  Ranyuk,  P.  V.  Sorokin,  F.  A.  Tkachenko 

Summary 

The  nuclide  Be'  was  produced  by  irradiating  carbon,  boron,  berilliiim  and  lithium 
with  bremsstrahlung  from  the  Kharkov  electron  linear  accelerator.  Yield  curves  are  mea- 
sured and  cross-sections  are  calculated  for  photons  up  to  11«0  .MeV. 
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